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Application No. 10/680,386 RECEIVED 
Office Action mailed May 23, 2006 CENTRAL FAX CENTER 

Amendment filed September 25, 2006 

SEP 2 5 2006 



REMARKS 

Applicants have amended claims 13, 26, 32 and 33 to refer to specific human nucleic acid 
sequences. Support for the amendment can be found throughout the specification, for example at 
pages 4 and 52-104. Accordingly, the amendment does not introduce new matter and its entry is 
respectfully requested. 

To conform with this amendment, claims 15 and 16 have been cancelled. 

Applicants have amended the independent claims 13 and 33 to make explicit that the 
alterations being detected are functional alterations. Support for the amendment can be found 
throughout the specification, for example, at page 5, lines 16-29, and page 16, lines 7-9. The 
dependent claims have been amended to conform with these amendments. 

Applicants have amended claim 20 to a preferred embodiment. 

Applicants have cancelled claims 34, and 36-38. 

Applicants have added new claims 39 and 40 to claim preferred embodiments. Support 
for the new claims can be found throughout the specification, for example, at page 3, lines 27-32, 
and page 16 lines 15-20. 

Accordingly, no new matter has been introduced by the amendments and their entry is 
respectfully requested. 

Claims 13-26 and 28-37 were rejected under 35 U.S.C. §112, first paragraph. 

Applicants submit that the rejection be withdrawn for the following reasons. 

The Examiner rejected the claims directed to detection of alterations contending that any 
and all alterations are encompassed by the claim. Applicants respectfully submit that the 
specification clearly defines that the "alteration is defined as a mammalian MSH5 nucleic acid 
sequence that cannot replace an endogenous nucleotide sequence in a normal host cell without 
having a detectable adverse effects on the host cell" (page 1 6, lines 7-9. emphasis added). In 
order to expedite prosecution, Applicants have amended the claims to explicitly state that the 
alterations are functional alterations such as discussed, for example at page 16, first paragraph. 
The functional alterations cause problems, for example defective meiotic segregation, infertility 
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and cancer being not responsive to treatment with alkylating agents as described in the 
specification. Applicants respectfully submit that a skilled artisan can easily determine from the 
type of a mutation, using routine techniques, whether the mutation affects the function of the 
gene product or not, such as discussed at page 16 of the specification. 

The Examiner also rejected the claims due to their breath in covering the genus of nucleic 
acids encoding MSH5 citing Lack of the number of examples of representative species in the 
specification. To expedite prosecution, Applicants have further amended the claims to the 
human MSH5 gene of SEQ ID NO.: 1. The specification describes these sequences in detail at 
pages 4 and 52-104. 

Accordingly, Applicants submit that the specification clearly defines the detailed 
structural requirements for the method for detecting alterations in the defined nucleic acid 
sequence. Applicants further taught that these mutations will lead to disease states. Moreover, 
later published research provides corroboration for the claimed embodiments. For example, 
these papers confirm that alterations in human MSH5 gene are associated in the diseases 
described in the specification, including infertility and cancer. (See, e.g., Exhibits A and B). For 
example, Bawa, Gene 3 1 5 : 1 77- 1 82 (2003) confirms that such alterations result in the cancers 
being tolerant to alkylating agents. Thus, claim 40 is directed to a form of personalized medicine 
- whether or not a treatment plan will be useful or not - as taught. 

Accordingly, Applicants respectfully submit that the rejection be withdrawn. 

Claims 13-37 were rejected under 35 U.S.C. §1 12, second paragraph. The Examiner 
argued that the claims as written encompass all possible polymorphisms in the SEQ ID NO:l . 

Applicants respectfully disagree, and submit that the rejection be withdrawn for the 
following reasons. The amendments have obviated this rejection. 

As discussed, supra, the specification states that "alteration is defined as a mammalian 
MSH5 nucleic acid sequence that cannot replace an endogenous nucleotide sequence in a normal 
host cell without having a detectable adverse effects on the host cell" (page 1 6, lines 7-9). 
Applicants submit that anyone skilled in the art having read the specification would know how to 
determine that the alterations coming within the scope of the claim are the ones that deleteriously 
affect the function of the gene product and not all possible alterations. 
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For example, following Applicants teachings, any skilled person in the art would have 
been able to use this method for a wide range of activities as taught such as for personalized 
cancer treatment. One would have been able to select a treatment plan for a cancer patient by 
determining whether or not an alkylating agent would be useful. 

In light of the claim amendments and arguments as shown, supra, Applicants respectfully 
request that the rejection be withdrawn. 

In view of the amended claims and the above, applicants respectfully submit that all 
claims are in condition for allowance. Early and favorable action is earnestly solicited. The 
Examiner is encouraged to contact the undersigned should there be additional questions 
regarding the claims. 

Should additional fees be required in connection with this submission, the Commissioner 
is herewith authorized to charge Nixon Peabody Deposit Account No. 19-2380 for any such fees. 



Respectfully submitted, 



©1 




2006 








Ronald I. Eisenstein (Reg. No.: 30,628) 
Leena H. Karttunen (L0207) 
NIXON PEABODY LLP 
100 Summer Street 
Boston, MA 021 10 
(617) 345-6054 
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Abstract 

DNA alkylation tolerance is a major concern in cancer chemotherapy. U has been suggested that mutations in DNA mismatch repair genes 
may result in alkylation tolerance. This alkylation tolerant pheootype is often manifested in cells lacking an O^-nielhylguanine DNA 
mdhyltransferuse (MTase) activity. However, deletion of each mismatch repaiT gene in the MTase mutant of a model cukaryolic yeast does 
hoc result in alkylation tolerance. Wc previously isolated an alkylation tolerant mutant and mapped the mutation to MSH5. Here we present 
ev idence that a single point mutation mat results in a YS23H amino acid substitution, but not deletion, of the MSH5 gene » responsible for 
tolerance lo lolling by DNA alkylating agents, Vfc afco fmd that other preexisting amino acid variations may also enhance alkylation 
tolerance in the above mutation background. Since MSHS encodes a protein homologous to DNA mismatch recognition proteins, mismatch 
repair genes arc frequently mutated in cancers cells and, like rnisniatch repair genes, M$H5 is highly conserved from yeast to human, this 
observation suggests novel mechanisms of chemotherapculic drug resistance that may occur in certain human cancer patients. 
& 2003 Elsevier B.V All rights reserved. 

Keywords: Mismatch repair. Mutagenesis: Yeast 



1. Introduction 

0 6 -Metbylguanirtc DNA methyhransferase (0 6 -MeG 
MTase) activity has been found in all organisms examined 
to date and is considered primarily responsible for repairing 
DNA lesions Induced by S^l-typc alkylating agents such as 
A^methyl-N'-nitto-N-nitrosoguanidine (MNNG) and /V- 
methyl-A'-nitrosourea (Pegg, 1990). Mammalian cells lack- 
ing O^MeG MTase also display enhanced sensitivity to 
killing by chcmotherapcutic Afunctional nitrosoureas such 
as carmusthie, locmwtmc and streptosotocin (Pegg, 1990; 
Karrao and Hampson. 1996). There have been several 
independent reports that mutations in mammalian mismatch 



Jbbrwictiotu: H-U-H. helix-u-tunvhclix; MNNG, /^-mediyl-A/'-nitro- 
^aitrosoguanidiTw; MTase, meihylrransfcrasc; 0*-McG, C/'-melhylgua- 
Dine; PCNA. proliferating cell nuclei flnligen: SD, synthetic dextrose 
medium: Yip, yeast integrating ptasmid; YPD, yeast extract/peptone/ 
dextrose medium. 
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repair genes such as hMSH2 (Aquilina et aL. 1998), hMSH6 
(Kat et al., 1993; Papadopoulos et al., 1995; Hampson et aL, 
1997), hMLHl (Koi et al., 1994; Hampson et al., 1997) and 
hPMS2 (Risinger et aJ., 1995; Ciotta et aL, 1998) may be 
responsible for rescuing MTase-deficicnl cell? from killing 
by DNA alkylating agents. Furthermore, at least two mouse 
mismatch repair-deficient models have been examined with 
respect to alkylation tolerance (de Wind et al, 1 995; Kawate 
et al., 1998), and a link was established between a mismatch 
repair defect and alkylalion tolerance. An abortive mismatch 
repair hypothesis was initially proposed by Goldmacher et 
al. (1986) and then by Branch et al. (1993) to explain the 
observed phenomena. However, an alternative hypothesis of 
mismatch repair-induced signaling forapopcosis also gained 
recent experimental support (D'Atri et al., 1998; Hickman 
and Samson. 1999). 

The DNA mismatch repair system is conserved through- 
out living organisms, In particular, cukaryotic cells from 
yeast to human appear to contain a similar set of mismatch 
repair genes to the extent that each mismatch repair gene in 
human has a structural and functional homolog in a yeast 
cell. Our laboratory used Saccharomycus cerevisiae as a 
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model lower eukaryole and found that deletion of any major 
mismatch repair genes, including MSH2, MSH3, K4SH6, 
MLH1 and PMS1, in the mgiJA mutant deficient in MTasc 
activity (Xiao el ai., 1 99 1 ) did not rescue h from killing by 
MNNG (Xiao et ai., 1995). Subsequently, we mtitagenized 
rngtld cells, isolated MNNG-tolerant mutants and charac- 
terized one of these recessive mutants, XS-14 (Bawa and 
Xiao, 1997). Transformation of XS-14 cells with each wild- 
type mismatch repair gene did not alter its alkylation 
tolerance. Surprisingly, transformation of XS-14 cells with 
a single-copy MSH2 homolog MSHS can strongly suppress 
the MNNG-tolerant phenotype, although deleiion of the 
MSHS gene did not result in alkylation tolerance. Through 
genetic analysis, the mutation in XS-14 was mapped within 
the MSHS locus (Bawa and Xiao, 1997). Here we describe 
our investigation of various mshS alleles and demonstrate 
(hat a single mutation within the MSHS gene that results in 
an amino acid substitution is responsible for the observed 
aikylalion tolerance. 



2. Materials and methods 

2J. Yeast strains and tmnsformalion • 

Yeast strains used in this study arc listed in Table 1. XS- 
803-2C was obtained from Dr. D. Gielz (University of 
Manitoba, Canada). The creation of its mgtlA::LEU2 and 
mshSAr.hisG derivatives and the isolation of XS-14 have 
been described previously (Bawa and Xiao, 1997). Yeast 
cells were grown in either complete YPD (1% yeast extract, 
2% bacto-pepionc, 2% glucose) or synthetic SD (0.67% 
yeast extract without nitrogen bases, 2% glucose) supple- 
mented with amino acids and bases as recommended (Sher- 
man etaL, 19S3). A lithium-acetate method (Ito et ah, 1983) 
was employed for yeast transformation and other genetic 
manipulations were performed as previously described 



S. Bawa, W. Xino /Cerie JV5 (2V03) 177-IR2 

2.2. DNA sequencing and sequence analysis 



(Bawa and Xiao, 1997). 




Tabic 1 






£ cerevisiae strains 




Strain 


Genotype 


Source 


XS-803^C 


MATato2-3Ji2 ura3-52 his I -2 


D, Giett 




hom3-Jf) canJK 




WXY10B4 


XS-803-2C with mziJ4::LEU2 


(Bawa and 






Xiao, 1997) 


XS-14 


MNNG-tolcram mutant of WXY 10X4 


(Bawa and 






Xiao, 1997) 




XS 1 4 with MSH5::URA3 


ThU Stacy* 


WXYJU&6 


XS-S03-2C with mz$)A;:LF.U2 


(Bawa and 




mshS6::hixG 


Xiao, 1997) 


WXY1087 


WXY 1086 with mM-!4::URA3 


This study 0 


WXY1088 


WXY10R6 willi mshS-Y$23H::UiLi3 


This study" 


WXV1091 


WXY1(JK6wtth \4SH5::URA3 


This stud/ 4 


WXY1093 


WXY1086 with MSlT5-2C::UfiA3 


This study 0 



H Sec Fig. 2A for the chromosomal structure of the integrants. 



Nucleotide sequences of a 3-fcb fragment containing the 
entire mshS-14 open reading frame plus a 266-bp promoter 
region were determined by a dideoxy cliain termination 
method using the Phamacia T7 DNA sequencing kit. 
"Nested deletions were made from both ends within the 
mshS-14 insert and the standard M13 universal and reverse 
primers were used to determine nucleotide sequences of 
overlapping fragments. The selected regions of MSH5-2C 
and MSHS obtained from Dr. N. Hoilingsworth (State 
University of New York, Stony Brook, NY) were also 
sequenced. DNA sequence analysis was performed using 
a DNASTAR program. 

2.3. Ovation ofnovefMSHS aileies 

The wild-type MSHS gene {MSHS) was obtained from 
Dr. Hoilingsworth and cloned into the Yip vector 
YIplac21 1 to form Ylp-MSH5. Isolation of the mshS-14 
allele using Ylp-MSH5 through integratk>ii and chromo- 
somal walking has been described (Bawa and Xiao, 1997). 
In order to create the MSH5-2C and mshS-YS23H alleles in 
the same Yip plasmid, a 2.5 -kb HindHI-Mfel fragment 
containing only the T2467C mutation, and a 2.1-kb 
BamHl-Mfel fragment containing T-28C, C1299T. 
A1361G, CU494T, C1570T variations were isolated and 
used to respectively replace the corresponding region in 
YIp-MSH5. The resulting replacement was confirmed by 
sequencing the variable regions. Plasmids YIp-MSH5, Yip- 
MSH5-2C, YIp-msh5-14 and YIp-msh5-Y823H were line- 
arized with SnaSl digestion prior to yeast transformation lo 
create WXI091, WXYI093, WXY1087 and WXYI088, 
respectively. Several independent cransfonmants from each 
transfonnation were examined, from which a representative 
strain was saved for further studies. To create WXY 1094, 
plasmid Ylp-MSH5 was linearized and used to transform 
XS-14 so that the plasmid vector sequence in the resulting 
integrants is flanked by mshS-14 and MSHS alleles at the 
MSHS locus. 

2.4. Alkylation sensitivity teste 

Two methods for quanti taring cell killing were used. For 
liquid killing, freshly grown cells at a concentration of 
2x 10 7 cells/ml were treated with 40 ug/ml MNNG for 
various times, washed, diluted, plated on YPD and incubat- 
ed at 30 °C. For gradient plate assays, a gradient was 
created by pouring 30 ml of SD +MNNG medium into a 
tilted, square Petri dish. After solidification, the plate was 
placed level and overlaid with 30 ml of SD medium. 
Overnight cultures were printed across the gradient using 
microscope slides and the plates were incubated for 3 days. 
The length of growth across the gradient was measured and 
relalive growth was expressed as a pcrccniage of full-length 
growth on the plate without MNNG. 
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3. Results 



A A mshS-14 contains a single point mutation 

in order to understand the mechanism by which a point 
mutation in MSHS results in alkylation tolerance, we iso- 
lated the mutated MSHS aLJele, mshS-14, from XS-14 and 
determined the entire nucleotide sequence of the mshS-14 
open reading frame plus a 266-bp promoter region and 
compared it with the published MSHS sequence (Hoi lings- 
worth ct al. v 1995). To our surprise, as many as six 
nucleotide sequence variations (T-28C, C1299T, A1361G, 
CI 4941; C1570T and T2467C, relative to the MSHS trans- 
lacion start) were observed, four of which result in amino 
acid substitutions (Q454R, L49SF, L524F and Y823H). 
These multiple mutations were either due to some previ- 
ously existing variations in the parental strain (XS-803-2C) 
used in this study or due to consequence of excessive 
mutagenesis treatment in the mgtlA mutant background, 
which is known to be highly mutagenic (Xiao et al., 1991). 
To address the above possibilities, we determined the entire 
MSHS allele (MSHS-2C) from the parental strain XS-803- 
2C. This allele contains all the above nucleotide substitu- 
tions except T2467C (Fig. 1, results for other altered 
nucleotide sequences are not shown), indicating that a - single 
imitation corresponding to Y823H is responsible for the 
observed alkylation tolerance. 

3.2. Y823H substitution results in atkyiation tolerance 

The DNA sequencing result appears to support the notion 
lhat a single amino acid substitution (Y823H) in Msh5 



A CG T 




MSHS-2C 



msh5-14 



Fig. I. Nucleotide sequences of MSHS-2Czn& mihS-14 uround ihe helix-u- 
tum-hcSix coding region. Arrow* point lo the T-to-C transition in ti\sk$~t4. 



msh5b::hlsG 
M 



URA$ 



9SSHS* 
Ylp-WSK5* 



Off 



\ I f?T71 M" W- 



~IT i H 



SH 



B 



Allele 



MSHS 



3 mshS-14 



TTT 



3 MSHS-2C 



Z*3 m*hS-Y823h 

■ ttfSttSA 



MNNG 
S 
R 



R 

S 



Fig. 2. Alky Lotion sensitivity of different MSHS ulleles. (A) Source of 
MSHS alleles aritf their integrant structure. Yip plasmids carrying various 
MSJtS alleles thtSHS*} were created in vitro as described in Materials and 
method*. These plasnuds were linearized at the unique S*aB\ site prior to 
yeast tninsfbrmasioii. resulting in site-specific integration amd the 
ehromosairat srructuic at the MSHS locus as shown. The mshSA~hisG 
alldc contains ct inactive MSHS gene deletion and replacement wnh fasG, 
wiiich is an mshS null alkie. Open box represents The MSI IS open reading 
frame. Three vertical bais represent nucleotide variations that results in 
three amino acid substitutions, Q454R, L498F and 1-524 F. and the asterisk 
indicates the T2467C mutation lhat results in Y823II. Restriction shes: B, 
BamH\\ H.HindUU M,Mjel; and (B) Snmmary of MNNGWHing 

experiments from a gradient pi ate assay. WXY 1 OKfi is mg/iA and carries an 
mshSA::kisG allele, which vraa used as the parental strain. Other strains 
were integrants of various MSHS alleles into WXY 1086. S, MKKG- 
sensiiive; R, MNNG -tolerant 



results in alkylation tolerance. Howcvcr T one cannot rule 
out the possibility that other preexisting amino acid se- 
quence variations also contribute to the observed phenorype. 
In order tn address this possibility, we made a series of 
constructs in a yeast Yip integration vector (Fig. 2A) 
conlaining MSHS, MSHS-2Q mxh5-I4 or mshS-Y823H 
Tliese pi asm ids were used to trans form a mgtlA mshSA 
double-mutant strain so that the MSff5 allele was integrated 
at the nishSA locus under the control of its native promoter. 
As summarized in Fig. 2B from a gradient plate assay, both 
msh5-14 amd msh5-Y823H were able to rescue the severe 
sensitivity of mgtJA mshSA host cells from killing by 
MNNG* whereas integration of MSHS or MSHS-2C failed 
to alter the alkylation sensitivity of the mgtlA mshSA 
mutant. However, the level of MNNG tolerance in mshS- 
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14 and msh5-YX23H integrants were apparently different To 
further quantitatively determine the level of alkylation 
sensitivity, the msh5-l4 aod msh5-Y823H integrants were 
compared with their isogenic wild-type and parental mgiJA 
rrvihSA double mutant in a liquid killing experiment. While 
mgfIA m$h5-I4 is up to 10 times more resistant to MNNG 
than theMG77 wild-type cells, mgtIA msh5-Y823H is about 
10 times more sensitive to MNNG than the wild-type cells 
(Fig. 3) : suggesting that at least one of the other three amino 
acid substitutions (Q454R, L498F or L524F) contribul.es to 
the observed atkylation toleiance in XS-14. However, these 
three amino acid substitutions alone do not appear to result 
in an altered phenotype in atkylation tolerance, since the 
Levels of MNNO-ioduced killing in mg/lA mshSA, mgtfA 
MSH5 and vigil A MSH5-2C are indistinguishable (Fig.. 2B 
and data not shown). Nevertheless, cells carrying the msftS* 
YH23H allele are two to three orders of magnitude more 
resistant to MNNG than their isogenic ttvthSA cells (Fig. 3). 

3.3. MSHS and m$h5-I4 are co-dominant 

Previously, wc observed that transformation of XS-14 
with a single-copy MSH5 signiflcandy reduced the MNNG 
tolerance but did not revert XS-14 to its parental level of 
extreme MNNG sensitivity (Bawa and Xiao, 1997). To 
distinguish whether this was due to co-dominance of 
MSHS and mshS-14, or unknown mutations in XS-14 
outside of the MSHS gene, we isolated the msh5-14 allele 
and integrated it into a wild-type MSHS strain. Celis 



60 -| 



! 




WT mflJTA XS-14 XS-14/ 
MSHS 

Strain 

Fig. 4. The msh5-14 mulaikm is co-dominant *itb MSHS over afltyfauian 
tolerance. Results of a quantitative gradient plate assay are presented as 
relative growth on a 10 ngMiI MNNG plate. The gradient plates were 
incubated ul 30 'C for 72 b before recording the data. 

carrying both alleles in the same chromosome locus display 
an intermediate level of MNNG-tolerance (Fig. 4) compa- 
rable to the previous plasmid transformation experiment 
(Bawa and Xiao, 1997), suggesting that msh5-14 is indeed 
co-dominant with MSHS. 



too 



0.01 



0.001 



0.0001 




0 20 40 

Minutes in 40 j/o/ml MNNG 

Kig. 3. Levels of alkylation sensitivity of msk5-14 and msh$-Y323H 
mtegrarils compared with isogenic wild-type and tbepareatal J7>g'/J mshSA 
mutant. An MNNOinduccd liquid killing experiment was performed with 
(O) XS-S03-2C (wild-type); (O) WXY1086 {mgtia:;LEV2 mskSAr.hlsG): 
(•) WXY1088 (mgtJld::LEU2 mxJiS-Y823ff::URAJ); and (A) WXYJ087 
(mgt,'4r:LEU2 amhS-I4::UIt43). All strains ate isogenic to XS-803-2C. 
The results arc presented as the average of three independent experiments 
with standard deviations shown as error bars. 



4. Discussion 

Wc report here the detailed characterization of the mskS- 
14 mutation that results in an increased alkylation tolerance. 
We found a single de novo mutation in the rnshS-I4 allele 
along with several preexisting sequence variations. We 
demonstrated that the resulting Y823H single amino acid 
substitution is sufficient to cause alkylation tolerant pheno- 
types. It is interesting to note that/the Y823H substitution 
falls in a well-conseived region known as a helix-u-turn- 
helix (H-U-H) motif (Hsieh, 2001). This motif is located in 
the Taq MutS dirner interface (Biswas ct al, 2001), and has 
been proposed to play a key role in modulating ATP 
hydrolysis and ATP-mediated mismatch recognition by 
Msh2 and Msh6 (Alani et al., 1997). More intriguing!* 
the Y823H substitulion in Msh5 makes this residue identical 
to that of Msh2 and Msh6 (Eisen, 1998) (see Fig. 5). Hence, 
it is conceivable that a Y823H substitution does not abolish 
its H-U-H function. Instead, it may be a gain-of-function 
mutation. At least three lines of evidence support the notion 
that mshS-!4 is not a simple recessive mutation. Firstly, 
mgtJA cells carrying both MSHS and mshS-14 alleles 
display an intermediate level ofMNNG tolerance, showing 
that msh5-14 is a co-dominant allele. Secondly, mshS-14 is 
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MutS GLAVAAIiAGVPKEVTKRARQ 

Msh2 GIHVAEVVQFPEKIVKMAKR 

Msh3 GMNVAKIARbDKDIZNRAFS 

Msh4 GIRWKKIFNPMIAEAYKI 

Msh5 GIYCAKVCC3LSRDIVERAEE 

Msh6 GMHVASMC GXS KEI IDNAQ I 

helix - D-turn - helix 



Fig. S. Amino acid sequence alignment of E. colt MutS and S cavvisiac 
MuiS homologs af the H-D-H rcgiou. The 82 3 Y residue of MshS is 
underlined. Two horizontal barrs represent the predicted cc-helices. 



not a simple ioss-of-funclion mutation, since deletion of 
MSHS did not result in allegation tolerance. Finally,, a 
diploid heterozygous for MSH5fmsh5-14 is sterile even in 
the presence of the wild-iypc MSH5 (Bawa and Xiao, J 997), 
suggesting that mskS-14 is dominant over MSHS with 
respect to raeiotic phenotypes. Since the H-U-H domain is 
possibly involved in heterodimerizalion, we tested by a 
yeast two-hybrid analysis whether Msh5(Y823H) alters its 
interaction with other mismatch repair proteins and PCNA. 
Our preliminary results Co date (not shown) do not appear to 
lend support to this hypothesis. However, it remains possi- 
ble thai \1sh5 may back up some Msh2/Msh6 functions, 
especially in mismatch recognition. Alternatively, Msh5-14 
may compete with Msh2/Msh6 for MMR complex forma- 
tion. Additional experiments are needed to address these 

possibilities. - 

In summary, our discovery that a single amino acid 
substitution in Msh5 results m aJkylation tolerance provides 
a new direction to investigate this clinically and fundamen- 
tally important issue. Several important implications can be 
drawn from this study. Firstly, the MSHS gene has previ- 
ously been described to play a role only in meiotic cells in 
both yeasi (Hoi lings worth ct aL, 1995) and mammals 
(Edelmann et al.; 1999). However* the phenotypes we 
observed with the point mutation and natural . variations 
suggest that MSHS plays a role in mitotic cells. Secondly, 
the point mutation we identified in MSHS suggests that 
MSHS may indeed be involved in alkylation tolerance. 
However, the feet that deletion of MSHS or any other 
mismatch repair genes did not result in aJkylation tolerance 
indicates that the underlying mechanism is probably far 
more complicated than that predicted by a simple abortive 
mismatch repair hypothesis. Thirdly, the fact that mshS-!4 
(or mshS-Y823H) is co-dominant over MSHS in alkylation 
tolerance and is dominant over MSHS in meiusis (spore 
viability) indicates that, if the same is true in human cells, 
this type of mutation will not penetrate germ cells and will 
remain a rare somatic mutation. Fourthly, we also observe 
strain variations within the MSHS gene: x\p to five nucjeo- 
tide substitutions and three amino acid substitutions. This is 
clearly , higher than reported genomic variations in labora- 
tory yeast strains, but may no! be unique to the MSHS gene. 
Interestingly, although these variations per se do not resull 



in alkylation tolerance, they (or one of them) appear to 
enhance the msh5-Y823H mutation phenotype with respect 
to alkylation tolerance. This phenomenon is reminiscent of 
genomic sequence diversity within the human population 
and susceptibility factors to cancer. If similar variations are 
found in human Msh5, they may be considered as predis- 
position factors. Finally, mismatch repair defects have been 
linked not only to tolerance to experimental alkylating 
agents and therapeutic chloroethyJating agents (Karran and 
Hampson, 1996), but also to other DNA-damaging agents 
such as cisplatin (Drummond et aL, 1996). Hence, our 
results may provide an alternative mechanism of alkylation 
tolerance in mammalian cells and impact future clinical 
diagnosis and treatment of cancer patients. Clearly, this 
study needs to be further advanced to address some of the 
above questions. 
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